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Background 



Several kinds of electron beam exposure systems are known in the ait. Most of these 
systems are provided to transfer very precise patterns onto an exposure surface of a 
subsnaie. Since lithography features are pushed to become smaller and smedler 
following Moore's law, the high resolution of electron beams could be used to continue 
the drive to even smaller feanires than today. 

A conventional election beam exposure apparatus has a throughput of about 1/100 
wafer/hr. However, for lithography purposes a commercially acceptable throughput of 
at least a few wafers/hr is necessary. Several ideas to increase the throughput of an 
election beam exposure apparatus have been proposed. 

US-Al -5.760.410 and US-A1-(J.313.47<5, for instance, disclose a lithography system 
using an electron beam having a oioas section, which is modified during the transferring 
of a panem to an exposure surfiice of a target. The specific cross section or sh^o of the 
beam is estabUshed during operation by moving the emitted beam inside an aperture by 
using electrostatic deflection. The selected aperture partially blanks and thereby shapes 
the election beam. The target exposure surface moves under the beam to refresh the 
surface. In this way a pattern »« written. The throughput of this system is stiU limited. 
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Jn US-Al-2001 0028042, US'Al-20010028043 and US-A 1-200 10028044 an electron 
beam lithography system is disclosed using a plurality of electron beams by using a 
plurality of continuous Svave (CW) emitters to generate a plurality of electron bcamlcts. 
Each beamlet is then individually shaped and blanked to create a pattern on the 
5 underlying substrate. As all these emitters have slightly different emission 
characteristics, homogeneity of the beamlets is a problem. This was corrected by 
levelling every individual beam cuixent to a reference cuxreni. Correction values for the 
mismatch are extremely difficult to calciilate and it takes a sigoificant amount of time, 
which reduces the throughput of ihe system. 

10 

In Journal of Vacuum Science and Technology BIS (6) pages 3061-3066, a system is 
disclosed which uses one LaBs-source for generating one electron beam, which is 
subsequently, expands, collimated and split into a plurality of beamlets. The target 
exposure sur&ce is mechanically moved relatively to the plurality of beamlets in a first 

IS direction, the beamlets are switched on and off using blanking electrostatic deflectors 
and at the same time scaiming deflectors sweep the beamlets which have passed die 
blanker array over the target exposure sxirface in a direction perpendicular to the first 
direction* thus each time creating an image. In this known system, electrostatic and/or 
magnetic lenses are used to reduce the image before it is projected on the target 

20 exposure surface. In the demagnification process at least one complete interaiediate 
image is created, smaller than the one before. When the entire image has the desired 
dimensions, it is projected on the target exposure surface. A major disadvantage of this 
approach is that the plurality of electron beamlets together has to pass through at least 
one complete crossover. In this crossover. Coulomb interactions between electron in 

25 different beamlets will disturb the image, thus reducing the resolution. Moreover, due to 
the strong demagnification of the image, ttie area that is exposed at one time is rather 
small, so a lot of wafer scans arc needed to expose a die: 16 scans are needed to expose 
one die, requiring a very high stage speed for reaching a conrnjercially acceptable 
throu^put. 

30 

In GB-Al'2.340.991. a multibeam particle lithogr^hy system is disclosed having an 
illumination system, which produces a plurality of ion sub-beams. The illumination 
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systems use cither a single ion sowcc with apertui* pUtes for spUtting a beam in eub- 
beams, or a plurality of sources. In the system using a single ion source, the aperture 
plaic is projected (demagnificd) on a substrate using a multibeam optical system. The 
system furthermore uses a deflection unit of electrostatic multipole systetns, positioned 
5 after the multitoeam optical system, fiw correcting individual imaging aberrations of a 
sub-beam and positioning the sub-beam during writing. The publication does not 
disclose how each sub-beam is modulated. Furthermore, controlling individual sub- 
beams is a problem, and maintainmg inter-sub-beam uniformity, 

t 

10 In Jpn. J. Appl. Phys. Vol. 34 (1995) 6689-6695, a moJti-eleolion beam ('probes') 
Uthography system is disclosed having a specific ZrO/W-TFE thermal emission source 
Mdth an einitter tip immersed in a inagnetio field. A disadvantage of such a source is 

limited output. Furthemiore, this source needs a crossover. Tbp mutaial homogeneity of 
the 'probes' is not fiirther discussed. Furthennore, the intensity of the source is a 
15 problem . . " . 

The article furthennore in a general way mentions a ^ting strategy in which a stage is 
moved in one direction, and deflectors move the 'probes' concurrently through the same 
distance perpendicular to the direction of the stage movement. A further problem, not 
20 recognised in this pubUcation. is correction of deviation of electron beamlets fiom their 
intended positions. 

Summary OF THE INVENTION 

25 It is an objective of the emrent invention to improve the performance of known electron 
beain es^osure apparatus. 

Another objective is to improve the resolution of known electron beam exposure 
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Yet another objective of the current invention is to improve througjiput of known 
electr nbeame?qposureq>paratus. 
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Yet another objective of the current inventi n is to overcome th problems related to 
Coulomb interactions and the dcmagmficatian methods in the prior arL 

5 Another objective of the ciutcnt invention is to simplil^ controlling unifozxniiy of 
beamlecsy especially dining writing. 

The invention relates to an electron beam exposure apparatus for transferring a pattcm 
onto the surface of a target, comprising: 
10 - beamlet generator for generating a plurality of electron beamlets; 

- a modulation airay for receiving said plurality of electron beamlets, comprising 
a plurality of modulators for modulating the intensity of an electron beamlec; 

- a controller, operationally connected to the modulation axray for individually 
controlling the modulators using control signals; 

IS - an adjustor, operationally connected to each modulator, for individually 
adjusting the control signal of each modulator; 

a focusing electron optical system comprising an array of electrostatic lenses 
wherein each lens focuses a corresponding individual beamlet, which is 
transmitted by said modulation array, to a cross section smaller than 300 nm, 
20 and 

^ a target holder for holding a target with its e^tposurc surface onto which The 
pattern is to be transferred in the first focal plane of die focusing electron optical 
system. 

25 In this apparatus, electron crossover could be avoided, as it does not demagnify a 
complete (part of) an image, this way, resolution and writing speed increases. 
Furthemiorc, it avoids the needs to control the current in each individual beaml^. The 
apparatus is less complex as the position correction and modulation arc integrated. 

30 In an embodiment of an electron beam exposure apparatus according to the present 
invention, said modulation array comprises: 

- a beamlet blanker array comprising a plurality of beamlet blankers for the 
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deflection of a passing electron beamlet, 
- a beamlet stop array, having a plurality of apertures aligned with said beamlet 
blankcrs of said bcamlct blanker array. 
In this way, it is possible to avoid crossover of electron beamlets in one single focal 
3 point, and mskc high-speed modulation possible. In an embodiment, substantially every 
beamlet blanker is aligned with an electron beamlet, in order to make ii possible xo 
individually modulate every beamlet. Furthemiore, the beamlet stop array comprises at 
least one plane of apertures, substantially every aperture being aligned with one 
' beanolet, preferably with an aperture centred wifh respect to a beanolet In this way, a 
10 beamlet passes an aperture when an electron beamlet is not deflected, and a beamlet ie 
blocked or stopped when the beandec is deflected. In an embodiment of this modulation 
array, the controller is operationally connected to said beamlet blankers. 

In an embodiment, the electron beam exposure apparatus is fiuthemiore provided with 
15 measuring means for measuring the actual position of at least one of said beamlets, and 
iho controller is provided with memory means for storing said actual position and a 
desired position, a comparator for comparing the desired position and the actual position 
of said beamlets, and wherein the adjuster is operationally connected to the contFoUcr 
for receiving instructions for adjusting the control signals issued to the modulators to 
20 compensate for tibie measured difference between said desired position and said actual 
position of said electron beamlets. In this way, by adjusting control signals, positioning 
of the beamlets can be corrected in an easy way. Measurement of the actual positions 
can for instance be done as described in US-Al -5.929.454. 

25 In an embodiment, the controller is operationally connected to the beamlet blankers, in 
an embodiment via the adjustor. 



30 



Tn an embodiment, the adjustor is operationally connected to the controller for receiving 
instructions indicating the amount of the adjustments. The amount of the adjustments 
can be determined based a resulting value of the above-mentioned comparator. 
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In a further embodiment, the adjustor is adapted for individually adjusting timing of 
each conool signal. In this very easy way, correction can be accomplished. 

In an embodiment of the electron beam esqiosure s^antus according to the presoit 
5 invention^ the beamlet generating means comprise: 

- a source for emitting at least one electron beam, 

- at least one beamsplitter for splitting said at least one emitted electron beam into 
said plurality of electron beamlets 

In iliis way, a unifonn Inxensiiy distribution among the beamlets is easily achieved if the 
10 source emits uniformly in all relevant directions. In an embodiment, the electron beam 
exposure ^paraws fiirther conning a second elecnostaiic lens array located between 
said beam spUtting means and said beamlet blanker anay to focus said plurality of 
eleclrcm beamlets. In this embodiment, substantially every electrostatic lens is aligned 
and focuses one electron beamlet. In a further embodiment thereof, the beamlet blanker 
15 array is located in the focal plane of said second electtostaticlens array. 

In an embodiment of the electron beam exposure ^aratus of the current invention with 
beamsplitter, the beamsplitter comprise a spatial filter, preferably an aperture array. In 
this way, one source with one beam, or, when source intensity is insufficient or intensity 
20 flucmates across toe beam, several sources, are easily split into a plurality of beamlets. 

When source intensities are high, the splitting means can comprise a number of aperture 
arrays in a serial order along the path of the electron beam or plurality of beamlets, the 
aperture arrays having mutually aUgned apertures, each next aperture array along the 
25 path from the source to the target having apertures that are smaller than the apertures of 
the previous aperture array. This reduces heat load. 

In an embodiment of the aperture array, the apataies of each apoture array are 
arranged in a hexagonal stnicturc, which makes it possible to obtain close integration. 

30 

In a finther embodiment of the electron beam exposure apparahis comprising spUtting 
means comprising an aperture array, each aperture of the aperture array has an area 
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inversely proportional to the current density based on the beamlet that is transmitted 
through that same aperture. 

In a further embodiment of the electron beam eiscposure apparatus comprising a 
5 beamsplitteti the beamsplitter comprises an aperture array, whetein the aperture sizes in 
the aperture array arc adapted to create a discrete set of predetermined beamlet currents. 

These embodiments improve the uniformity of the electron beamlets. 

10 In yet a further embodiment of the electron beam exposure apparatus comprising the 
beamsplitteTp the beamsplitter comprises an electrostatic quadrupole lens array. 

In an embodiment, the electron beam exposure apparatus according to the present 
invoition comprises a thermionic source. In an embodiment, the themiionic source is 
IS adapted for being operated in the space charge limited regime. It was found that space 
charge has a homogenising effect, which, is favourable in this specific application. 
Furthermore, in certain setCixKgs, the space charge inay have a negative lens ef^ 

In a further embodiment with the thermionic source, the thermionic electrori source has 
20 a spherical cathode surface. In an embodiment^ the thermionic source comprises at least 
one extractor electrode. In another embodiment, the extractor electrode is a planar 
extractor electrode. In an embodiment thereof, the extractor is located after the space 
charge region and provided with a positive voltage for inducing a negative lens effect. 
These voltages can be set at a predefined value for creating a negative lens effect for the 
25 emitted electron beam. 

In an altemative embodiment, the extractor electrode has a sphcricsd surface with 
through holes. All these embodiments sen/e to create a negative lens influence on the 
electron beam^ thus avoiding a crossover in the electron beam. 

30 

In another embodiment of the electron beam exposure apparatus of the current 
invention, the apparams fturther comprises an illumination system that transf xms the 
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electron beam, emined by said source, into a collimated electron beam before it reaches 
said splitting means. 

In yet another embodiment of the electron beam exposure apparatus said beamlet 
generator comprises an axray of sources of which each source is responsible for the 
generation of an electron beamlet. In a further embodiment thereof, the electron beam 
exposure apparatus further comprising a second electrostatic lens array located becween 
said array of sources and said beamlet blanker array to foous said plurality of dcctrcm 
beamlets. 

Li an embodiment of the electron beam exposure apparams with beamlet blanking 
means, said beamlet blanker comprise electrostatic deflectors. 

In yet another embodiment of the electron beam eicposure apparatus according to the 
invention, it further cornprising scanning deflection means provided between the 
modulation array and the focusing electron optical system for deflecting the electron 
bcamlets to scan said target exposure surface. In an embodiment thereof, the scanning 
deflection means comprises electrostatic scan deflectors. In a further embodiment 
thereof, the electron beam eiqiosure apparatus is further provided with actuating means 
for moving said electrostatic scan deflectors and said means for holding the target 
relatively to each other in the plane of the sxirface onto which the pattern is to be 
transferred in a direction that differs from the direction of tiie deflection performed by 
said electrostatic scan deflectors. 

In an embodiment, the adjuster or a time shifter are adapted for shifting a timing base of 
the scanning deflection means and the acmators with respect to each other, hi an 
embodiment thereof, the control signals of the modulators have a timing base and the 
actuators of the target holder have a second timing base, and there timing bases can bo 
shifted wiA respect to one another. This can for instance be used to have a critical 
component, which has to be written on the target surface and which would lay between 
two beamlets, written using only one beamlet 
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lia a further embodiment thereof, the electron beam exposure apparatus furthennore 
comprises an additional aperture plate between the modulation array and the focussing 
electron optical system, the additional aperture plate having one surface directed to and 
substantially parallel to the exposure surface of the target, wherein said electrostatic 
S scan deflectors are conducting strips deposited on the side of the additional aperture 
plate facing die exposure surface of the target located between said blanker airay and 
the electrostatio lens airay of the focusing electron optical system. In another 
embodiment thereof, the electrostatic scan deflectors are conducting strips dq>o$itcd at 
^ the target exposure surface side of any of the lens plates present in the focusing electron 
10 optical system. In an embodiment thereof, the conducting strips alternatively have a 
positive or negative potoitial. 

In an embodiment of the electron beam exposure apparatus with the blankiii^ 
electrostatic deflectors, these deflectors deflect the electron beamlets in such a way that 
15 a predetermined section of the beamlet is stopped by the beamlet stop array. 

In a further embodiment of the electron beam exposure apparatus according to the 
present invention^ it further comprises a post-reduction acceleration stage, located 
between the electrostatic lens array of the focusing electron optical system and said 
20 protective means, for accelerating the electrons in the plurality of transmitted electron 
beamlets 

liQi an embodiment of the controller, it is fiirthemiore provided with coircction means to 
compensate for the incorrect positioning of the electron beamlets on the target exposure 
25 surface by 

- comparing the theoretical position and the actual position of said beamlets 

- adjusting the control signals to compensate for the measured difference between 
said theoretical position and said actual position of said electron beamlets 

30 bi an embodiment of tiie electron beam exposure ^paratus according to the present 
invention, it fiirther comprising protective means to prevent particles released by 
impinging electrons to reach any one of the aperture arrays^ lens arrays or blanker 
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arrays, preferably located between the electrostatic lens airay of the focusing electron 
optical system and the eTqjosure surface of a target, preferably comprising an aperture 
array wherein the apertures have a size smaller than 20 ^im. 

5 In an embodiment of the electron beam exposure apparams according to the present 
invention, all lens arrays, aperture arrays and blanker arrays are connected to a power 
supply, which, when gas is admitted into the system, creates a plasma that cleans the 
plates and removes all contaminants. 

10 Li a further embodiment, the electron beam exposure apparatus according to the present 
invention, the system is operated at an elevated temperature of about 200-600 to 
keep the apparatus clean. 

The invention further relates to an electron beam exposure apparatus for transferring a 
15 pattern onto the surface of a target, comprising: 

- a beamlet generator for generating a plurality of electron beamlets; 

- a modulation array for receiving said plurality of electron beamlets, comprising 
a plurality of modulators for modulating the intensity of an electron beamlet; 

- a controller, operationally connected to the modulation array, for individually 
20 controlling the modulators using control signals; 

a focusing electron optical system comprising an array of electrostatic lenses 
wherein each lens focuses a corresponding individual beamlet, which is 
transmitted by said modulation array, to a cross section smaller than 300 nm, 
and 

25 - a target holder for holding a target with its exposure sur&ce onto which the 
pattern is to be transferred in tiie first focal plane of the focusing electron optical 
system, 

wherein said beamlet generator comprises at least one thermionic source, said 
soiurce comprising at least one extractor electrode adapted for being operated in a 
30 space charge limited region, said source adapted for generating an electron beam, 
and said beamlet generator fiirtibiermore provided with a beamsplitter for splitting 
said electron beam up into a plurality of electron beamlets. 
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Using such a specific beamlct generator makes it possible lo provide imifoixn 
beaznlets with a sufficient current to provide a high throughput. 

In an embodiment thereof^ said extractor electrode is located after said space charge 
5 region and is provided with a positive voltage for inducing a negative lens effect to said 

electron beam. 

The invention furthermore pertains to an electron beam generator for generating a 
' plurality of electron beamlets, wherein said bcamlet generator comprises at least one 
10 themiionic source^ said source comprising at least one extractor electrode adapted for 
being operated in a space chai::g6 limited region, said source adapted for generating an 
electron beam, and said beamlet generator furihennore provided with a beamsplitter for 
splitting said electron beam up into a plurality of electron beamlets. 

1 5 The invention furdicnnorc pertains to an electron beam exposure apparatus for transferring 
a pattCTi onto the surface of a target, coisprising a beamlet generator for generating a 
plurality of electron beamlets, a plurality of modulators for modulating each electron 
beamlet, and a controller for providing each modulator with a control signal, said control 
signal having a timing base, wherein the controller is adapted for individually adjusting the 

20 timing base of a control signal with respect to the other cantrol signals. 

In this apparatus, the problem of positioning and modulating is solved in a very simple 
and elegant way, reducing the number of components and providing a robust apparatus. 

25 The invention further pertains to a method for transferring a pattmi onto a target 
exposure surface with an electron beam, using an electron beam exposure apparatus 
described above, and to a w^er processed using the apparatus of the current invention. 
The apparatus can furthermore be used for the production of mask, like for instance 
used in state-of-the-art optical lithography systems. 

30 
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Brief description Of the draivings 

The invention will be furrier elucidated in the following embodiments of 
an election beam 6?qposuzie q)paiatus according to the cument invention, in which: 
5 , Figure 1 diows an ^aratus according to the present invCTtion^ 

figure 2A shows a deitail of a known electron beam exposure ^aratus, 
figure 2B shows a detail of the electron beam exposure apparatus, 
figure 3 shows an electron source with a spherical outer Gur&cei 
figure 3 A shows a source with a space charge region, 
10 figure 4 shows an embodiment of a electron beam exposure q[>paratus 

starting from the beamlets, 

figure 5 A, SB show embodiments of scan deflection airays of the cuirent 

invention, 

figure 6A, 6B show scan trajectories of the present invention, 
15 figure 7 A-7D show adjustment of modulation liming, and 

figure SA, 8B show effects of adjustment of modulation timing. 

Description or EMBODiMjENTS 

20 An embodiment of the present invention is schematically shown in FIGURE 1. 
Electrons are emitted from a single, stable electron source 1. An illumination system 
focuses and collimates the emiued electron beam 5 to illuminate a desired area on an 
aperture plate 6 unifomily. This can for instance be established by using lenses 3 and 4. 
Due to the aperture plate 6 the electron beam 5 is split in a plurality of electron 

25 beamlets, two of which 5a and 5b, are shown. An alternative way to create a plurality of 
electron beamlets is to use an array of electron sources. Each electron source generates 
an electron beamlet* which is modulated in the same way as the one created with a 
combination of a single source and splitting means. Since the emission characteristics of 
each source are slightly different, a single source 1 with beamsplitter 6 is preferred. An 

30 array of electrostatic lenses 7 focuses each beamlet to a desired diameter. A beamlet 
blanker array 8 is p sitioned in such a way that each individual beamlet coincides with 
an aperture in the plate of beamlet blanker aiiay 8. The beamlet blanker array 8 
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comprises beamlet-blankers, for instance blanking electrostatic deflectors. When a 
voltage is applied on a blanking deflector an electric field across the corresponding 
aperture is established. The passing electron beainlet, for example beamlet 9, deflects 
and tenninates at the beamlet stop anay 10, located behind the beamlet blanker array 8 
5 following the electron beamlet trajectory. When there is no voltage applied to the 
blanking deflector the electron beamlet will pass the beamlet stop array 10, and reach 
the focusing electron optical system comprising an array of electrostatic lenses 13, This 
anay 13 focuses each of the transmitted beamlets 12 jndividually on the target exposure 
' surface 14. Finally scanning deflection means, most often electrostatic scan deflectors, 

10 move the beamleis together in one direction over the target exposure surface 14. In the 
embodiment shown in FIGURE 1 the scan deflectors are located on the target exposure 
surface side lla of beamlet stop array 10, thus forming an additional scan deflection 
array 11. However, other locations are also possible. Ihiring the scanning the target 
exposure surface 14 and the scan deflectors moves relatively to one another in a 

15 direction different &om the direction of the scan deflecdon. Usually the target is a wafer 
or a mask covered with a resist layer. 

, '■ I ' ' 

A remarkable aspect of the configuration shown in FIGURE 1 is that liie entire image 
that is created by the combination of beamlet blanker array 8 and beamlet stop array 10 

20 is not demagnified as a whole. Instead, each individual beamlet is individually focused 
on the target exposure surface 14 by the focusing electron optical system 13. The 
difference between ttiese two ^proaches is shown in FIGURES 2A and 2B, Jn 
FIGURE 2A an entire image comprising 2 electron beamlets 5a and 5b is demagnified 
to acquire die desired resolution. To dcmagnify an image requires at least one crossing 

25 X. In this crossing, all the elections have to pass a small area. Coulomb interactions 
detmoratc the resolution at that crossing X 

In the present invention the method shown in FIGURE 2B is used. Consider two 
adjacent beamlets 5a, 5b diat are projected on the target exposure surface 14. Using the 
30 demagniiicatxon approach the distance between the two beamlets also becomes smaller. 
The focusing ^roach of the current invention^ however, does not change this distance 
between two beamlets. Only the cross section of each beamlet is reduced, 
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The electron source 1 of FIGURE 1 typically delivers 100 AJom^ Scorn an area of about 
30-300 micron squared. In an embodiment, a thennionic source is used. The electrons 
are preferably emitted in the space charge limited emission regime in oxder to benefit 
5 from a homogeiiizing effect of the space charge. Exanq^les of such a source are a LaBe 
crystal, a dispenser source comprising Barium Oxide, or a dispenser source comprising 
a layer of Barium or Tungsten covered with Scandium Oxide, 

The extractor electrodes 2 usually^, but not necessarily, focus the beam. The illumination 
10 lenses 3-4 create a parallel beam of electrons 5 on the aportuic array 6. The lenses 3-4 

are optimised to limit the beam energy spread as a result of Coulomb interactions^ i.e. 

the opening angle of the beam is made as large as possible. Furthermore lenses 3-4 are 

optiniised to limit the beam blur created by chromatic and spherical abeiration effects. 

For the latter it may be advantageous to use the aperture array 6 as a lens electrode, 
15 because this may create negative chromatic and spherical aberrations, resulting in a 

compensation of the aberrations of lenses 3-4. Furthermore, it is possible to use lens 4 

for magnification of the panem by slightly focusing or defocusing it. 

In such an embodiment, however, the electron beam emitted from the single emitter is 
20 focussed in a small crossover x before it is expanded. Within this crossover x there is a 
large energy spread due to electron-electron interactions in this crossover x. In the end 
the crossover x will be imaged demagniJBied on the target exposure surface. Due to the 
Coulomb interactions the desired resolution is not achieved^ A method to expand and 
collimate the expanded beam without a crossover is ttierefore desirable. 

25 

In a first embodiment* shown in FIGURE 3, crossover in the illumination electron 
optics is avoided by using an election source 1 with a spherical or a hemispherical outer 
surface 15. In this configuration a large opening angle a is formed, which reduces the 
blur due to electron-electron interactions in the emitted electron beam 5. Additionally 
30 the electron beams are forming a spherical wave fipnt which results in a virtual 
crossover 16 located in the centre of the sourc . There are no electrons present in the 
virtual crossover; so disturbing electron-electron interactions are absent 
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The electrons can be extracted wilb a spherical extractor that comprises large holes. The 
main advantage of the spherical shape of the extractor is the more homogeneous field 
that is created. 

5 

b an alternative embodiment, shown in figure 3A, crossover is avoided by extracting 
the electrons ftom the source/cathodc 1 which is at a voltage Vs and has a distant planar 
exiiaotor U. The planar extractor has a positive voltage +V, with respect to the source 1 . 
* The combination of source and extractor now serves as a negative lens- The extracted 
10 electrons passing the extractor 1, thus expand due to the diverging elecaic field. Again, 
a virtual crossover is created, which reduces the loss of resolution due to Coulomb 
interactions to a great extent Between source 1 and extractor 1, a space charged region 
S is present as is shown in nOURE 3A. The presence of this space charge enhances the 

negative lens effect carealed by the source-extractor combination. 
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By tuning Vi it is possible to let the source 1 operate in its space charge limited 
emission mode. The main advantage of this emissioh iiiode is the significant increase of 
homogeneity of the emission. The increase of the total current can be limited by 
selecting a source witti a confined emission area. 



The aperture anay 6 has apertures of typically 5-150 m in diameter with a pitch of 
about 50-500 /im. The apertures arc prefstably airangcd in a hexagonal pattern. The 
aperture array 6 spUts the incoming parallel beam of electrons S to a plurality of 
electron beamleis, typicaUy in the order of about 5.000-30,000- The size of the apertures 
25 is adjusted to compensate non-uniform current density of the illumination. Each 
aperture has an area inversely proportional to the current density based on the individual 
bcamlets that is transmitted throu^ that same aperture. Consequently the current in 
each individual beamlet is the same. If the heat load on tho aperture plato becomes too 
large, several aperture arrays are arranged in a serial order with decreasing aperture 
30 diameters along the path of the electron beam or plurality of electron beamlets. These 
apemue arrays have mutually aligned apertures. 
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Another poss&lc way to split the collimated lectron beam 5 into a pluraUty of electron 
beamlets is the use of a quadrupole lens airay. A possible configuration of such an array 
is disclosed in US-6.333.508, which document is referenced here as if fully set forth- 

nOURE 4 shows a detail closer unage of the lithography system in one of the 
embodiments of Ihe picsent invention starting flom the plurality of bcamlcts. Condenser 
lens anay 7 focuses each beamlet to a diameter of about 0,1-1 fim. It comprises two 
aligned plates with holes. The thictoiess of the plaies is typically about 10-500 nm. 
while the holes are typically about 50-200 urn in diameter with a SO-500-nm pitbh. 
Insulatore (not shown), which are shielded fiom the beamleis. support the plates at 
typical distances of 1-10 miUimetrBB ftom each other. 



The modulation array comprises a beamlet blanker array 8 and a beamlet stop anay 10. 
At Hie beamlet blanker array 8, the typical beam diameter >s about 0.1-5 urn wWle ihe 
15 typical transversal energy is in the order of a 1-20 meV. Beamlet blanking m«ns 17 are 
used to switch the electron bcamlcts on and off. They include blanking electiostaiic 
deflectors, which comprise a number of electrodes. Prefbrably at least one electrode is 
grounded- Another electrode is connected to a circuit Via this circuit control data are 
sent towards the blanking electrostatic deflectors. In this way. each blanking deflector 
can be controlled individually. Without the use of the beamlet blanking means 17 the 
electron beamlet will pass the beamlet stop array 10 through the apertures. When a 
voltage is applied on a blanking electrostatic deflector electrode in the beamlet blanker 
array 8. the eorrcsponding electron beamlet will be deflected and tenninaxe on the 
beamlet stop array 10. 
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Tn an embodiment, the beamlet blanker array 8 is located in the electrostatic focal plane 
of the electron bcamlets. With the blanker array in this position, the system is less 
sensitive for distortions. In this embodimem. the beamlet stop array is positioned 
outside a focal plane of the electron bcamlets. 

The transmitted beamlets now have to be focused on the target exposure surface J 4. 
This is done by a focusing electron optical system 13 comprising at least one array with 
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electrostatic lenses. Each individuaUy transmitted electron beanilet is focused on the 
target exposure surfiace by a corresponding electrostatic lens. The lens array comprises 
two or more plates 13a and 13b. both having a thickness of about 10-500 and 
apertures 13o wilh a diameter of about 50-050 fun. The distance between two 
5 consecutive plates is somewhere between 50-800 nm and m^ be different fitan plate to 
plate. If necessary, the focusing electron optical system may also compiise a lem array 
of the magnetic type. 11 is then located between the beamlet stop array 10 and the 
objective lens array of the electrostatic type 13. to fiarther enhance the focusing 
pix>perties of the electron optical system. 

10 

A major problem in all electron beam lithogr^y systems paitetmng a wafer or a mask 
is contamination. It reduces the performance of the lithography system significant due 
to the interaction between electrons and particles in the resist layer, Ae resist degrades. 
In a polymeric resist, molecules are released due to cracking. The released resist 
15 particles travel through the vacuum and can be absorbed by any of the structures present 
in the system. ", , ' 

In order to cope with the conxamination problem, in a particular embodiment protective 
means are located in dose proximity of the target exposure surface, i.e. between the 

20 target exposure surface and the focusing electron optical system. Said protective means 
may be a foU or a plate. Both options are provided with apertures with a diameter 
smaller than 20 \im. The protective means absorb the released resist particles before 
ihcy can reach any of tiio sensitive dements in the Uthography system, hi some cases it 
is necessary to refiresh the protective means after a predetermined period, e.g. after 

25 every processed wafer or mask. In the case of a protective plate the whole plate can be 
replaced, hi a particular embodiment, the foil is wound around the coil wmders. A small 
section of the foil is tightened just above die entire target exposure surfeoe 14. Only this 
section is exposed to the contaminants. After a certain period the protective capacity of 
^e foil TS^idly degrades due to tiie absorbed particles. The exposed foil section then 

30 needs to be replaced. To do this the foil is transported firom one coil winder to the other 
coil winder, thus exposing a fresh foil section to the contamination particles. 
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The entire system that is described above operates at relatively low voltages. In 
operations in which high-energy electrons are needed, an additional acceleration stage is 
positioned between fhe electrostatic lens array of ihc focusing electron optical system 

13 and the protective means. This acceleration stage adds energy to the passing 
S electrons. The, beam may be accelerated additional tens of Idloelectronvotts, e.g. 

SOkeV- 

As explained earlier in figtire 1, the beamlets 12 that have successfully passed the 
beamlet stop array 10 are directed towards llie desired position on the target exposure 
10 sur&ce 14 by two means. First of all actuation means move fhs target exposure surface 

14 and Hie rest of the system in a certain mechanical scan direction relatively to each 
other. Secondly scan deflection means scan the transmitted bcamlcts 12 electrostatically 
in a direction that differs from the mechanical scan direction. The scan deflection means 
comprise electrostatic scan deflectors 18. In FIGURES 1 and 3 these scan deflectors 18 

15 arc located on an additional apenure array 11, and are depicted in figure 4. 

In one embodiment, the electrostatic scan deflectors 18 are deposited on the target 
exposure surface side of one of the plates of the objective electrostatic lens array 13, 
such that the deflection essentially occurs in the firont focal plane of the objective lenses, 
20 The desired result is that the deflected beamlets impinge perpendicularly on the target 
surface. 

In another embodiment there are two deflector arrays, one deflecting in a first direction 
and the other deflecting in a second, opposite direction. The combined deflection causes 
25 displacement of the beamlets a displacement of the beamlets at the target surface 
location, without changing fhe pezpendicular axis of a beamlet with respect to fhe target 
surface. 

In a second embodiment, the electrostatic scan deflectors 18 are located on the 
30 protective means. 
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The electrostatic scan deflectors 18 comprise scan deflection electrodes, which are 
arranged to deflect an assembly of electron beamleis in the same direction. The scan 
deflection electrodes may be deposited in the foxm of strips 19 on a suitable plate 20 at 
the target exposure surface side as is shown in FIGURE 5A. The best yield can be 
5 established when the strips 19 are deposited close to the beamlct» thus close to the 
aperture 21, since this reduces d\y,^. Moreover, it is preferable to position the scan 
deflection electrodes outside an individual beamlet crossover plane. 

' In one embodiment the first assembly is scanned in one direction while the next one is 
10 scanned in the opposite direction, by putting alternating voltages on the consecutive 
strips 19 as is shown in FIGURE 5B, The first strip has for instance a positive potential, 
the second one a negative potential, the next one a positive etc. Say the scan direction is 
denoted 3/. One line of transmitted electron beamlets is then scanned in the -^direction, 
while at the same time the next line is directed towards +y. 

15 

As already mentioned there are two scan directions, a mechanical scan direction M and 
a deflection scan direction S, both depicted in figures 6A and 6B. The mechanical scan 
can be performed in three ways. The target exposure surface movcs^ the rest of the 
system moves or they both move in different directions. The deflection scan is 

20 performed in a different direction compared to the mechanical scan. It is preferably 
perpendicular or almost peipendicular to the mechanical scan direction, because the 
scan deflection length Ax is then larger for the same deflection scan angle otd- There are 
two preferable scan trajectories, botii shown in FIGURE 6 for clarity. The first one is a 
triangular sh^ed scan trajectory (FIGURE 6 A), the second one a saw tooth shaped scan 

25 trajectory (FIGURE 6B). 

When the mechanical scan length is a throughput-limiting factor, an assembly of 
electron beam exposure apparatuses as described above is used to e3cpo$e the entire 
wafer at the same time, 

30 

It is assumed that an ideal grid exists on die wafer and that the electron beamlets ean be 
positioned exactly on ^e grid coordinates. Say that a correct pattern is created when the 
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electron beamliet can be positioned within 1/30* of the nummum feature size. Then to 
write one pixel, 30 scan lines and thus 30^30 = 900 grid points are needed. For the 45 
nm-^xnode the positioning shoidd be controllable within a range of 1,5 nm. The data path 
should therefore be able to handle an enormous amount of data. 

5 , ^ 

The writing surategy described above is based on the assumption that the beamlet can 
only be switched on or off. To reduce the amount of data by less grid lines» and ttius less 
grid cells seems a logical approach. However^ the dimension control of the desired 
pattern suffers considerably. An approach to circumvent this problem is to pattern the 

10 target exposure surface 14 with discrete dose control. Again the pattern is divided 
according to a rectangular grid. However, the number of grid lines is much smaller e.g. 
2-5 per dimension, which results in a number of grid points of abom 4-25. In order to 
get the same pattern reliability as for the finer grid, die intensity of each grid cell is 
variable. The intensity is represented by a so-called gray value. In case of a 3 bit gray 

15 value representation, the values are 0, 1/7^ 2/7. 3/7, 4/7, 5/7, 6/7 and 1 times the 
maximum dose. The number of data required for the position of ibe beamlet reduces, 
although each cell is represented with more information due to the controlled dose 
variation. 

20 In the present invention gray scale writing can be introduced in several ways. First of all 
the deflection of the beams may be controlled in such a way that part of the beam passes 
the beamlet stop array 10, while part of the beam continues traveling towards the target 
exposure surface 14, In this way for instance 1/3 or 2/3 of the beam can be stopped, 
resulting in 4 possible doses on the target exposure surface, namely 0, 1/3, 2/3 and 1 

25 times the maximum dose, corresponding to a 2 bit gray value rqpreseatatiorL 

Another method to create gray levels is to deflect the beamlets in such a way that they 
do not move with respect to the target surface for a predetermined amouirt of time T, 
which amount of time T is longer than a minimum on/off time of the blankers. During 
30 time T, the modulator can now deposite 1, 2, 3, etc. shots on one position^ thus creating 
gray levels. 
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Another method to create these 4 so-called gray values is to change the apermre size in 
the aperture array 6. If ther^ arc for instance three aperture sizes, the original size, a size 
that permits half the original current to pass and apertwes with an area such that only a 
fourth of the original current passes, the same discrete dose values as mentioned before 
5 an be created. By switching the beamlets on and off with the deflection electrodes J 7 of 
the beamlet blanker array 8 the desired dose can be deposited on the target cxposxire 
surface 14. A disadvantage of the latter method is the fact that more beamlets are 
needed to write one pixel. Most, including aforementioned methods for discrete dose 
' contiol can also be used to create more than 4 gray values, e,g. 8, 16, 32 or 64. 

10 

The positions of the beamlets cm flic target cscposurc sur&ce most often do not exactly 
correspond with fhe desired positicnis. This is for instance due to misaligmneat of the 
different arrays with respect to each other. Additionally, manu&cturing eirors may also 
contribute to the ojBset of the individual beamlets. To transfer the correct pattern fiom the 
1 5 controller onto the exposure surface of the target, corrcctidns have to be made. To this end, 
in a particular embodiment, first the position of all beamlets is measured and stored. Each 
position is then compared to the position die beamlei should have. The difference in 
position is then integrated in the pattern information that is sent to the modulation means. 

20 Since changmg the signal sequence that is sent towards the modulation means takes a lot 
of time, the measured difference in position is integrated in die pattern information by 
transforming it into a corresponding difference in timing in the beamlet modulation 
control. FIGURES 7A-7D and 8A-8B explain how the adjustments are implemented. As 
already mentioned the beamlet scan is performed by combining two scan mechanisms: a 

25 mechanical scan and a deflection scan. All pattern data, which is sent to each beamlet, is 
si^plied per deflection scan line. The desired deflection scan width on the exposure 
surface ofihe target that is patterned, Wscan^ is smaller than the deflection scan width the 
apparatus can handle. Wo.;ws«fu as is shown in FIGURES 7A AND 7B. The overscan 
- - ability enables a correction in the deflection scan direction* In figure 7 A the beamlet is 

30 positioned correctly. In figure 7B» however, the beamlet has shifted to the right By 
adjusting the timing in such a way that the pattern data is applied whoi die beamlet enters 
the desired area, die offset can be con^ensated fiir. Hie adjustment in the mechanical scan 



I 



22 

direction is less precise than depicted in FIGURE 7B. Since die pattern data is mitten pa- 
scan line, only a discrete time delay is possible, i.e. pattrai generation can be postponed or 
accelerated per scan line. A random time delay would result in a coz]q)l6tcly new control 
data sequence, A calculation of such a new sequence takes a lot of time and is therefore not 
5 desirable. In FIGURES 7C AND 7D is depicted what Hic consequence is. figuie 7C 
again the desired location of the beamlet is shown together with its first five corresponding 
scan lines. In figure 7D the real position of ttxc bcamlet and its trajectories is shown. For 
clarity the desired beamlei and scan lines aie also depicted with an empty circle and dashed 
lines, respectively. It can be seen that the first scan line in the desired situation doe^ not 
10 cover the area that needs to be patterned by the beamlet. So the beamiet start patterning 
halfway the second scan line. Effectively the delay of infbrmation has taken a time period 
that is necessary to scan one deflection scan line. 

FIGURES 8A and 8B show an example of how a change in the timing corrects for the 
15 initial incorrect position of a stroccure written by a not ideally positioned beamlet 
FIGURE 8A depicts the situation without any timing correction. The empty dot represents 
the beamlet at &e correct position, while the filled one repres^ts the real location of the 
beamlet. The beamlet is scanned along fhc drawn line to write a patt^. The line is dashed 
in tiie ideal case and solid hi the real case. In this exanq>le the written stmcture is a single 
20 line. Consider a black and write writing strategy. i.c. the beamlet is "on"' or **oflr*. The 
pattem is written when the "on" signal is sent towards the modulation means. la order to 
write flic single line a certain signal sequence like the one shown in tiie upper curve is sent 
towards the modulation means. When the same signal sequence is sent in reality, the line is 
written at a different position than desired. The ofiSet of the beamlet leads to an offeet of 
25 the written structure. 

FIGURE SB shows the situation wherein timing correction is ^plied. Again the 
theoretical and actual spots and trajectories are depicted with dashed and solid lines and 
dots respectively. The signal sequence in the real situation is different than.the theoretical 
30 pattem information, in the fact that the signal sequence in the real situation Oower curve) is 
sent at a different time than the same sequence is sent in the idea configuration (upper 
curve). As a result the single line is now written at the conect location in tiie deflection 
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scan direction. Moreover the pattern processing started one scan line earlier resulting in a 
better positiomng of the single line in the mechanical scan direction as well. Note that die 
single line is not precisely positioned at the coircct location. This is due to the slight offset 
between the scan lines in tfie ideal and the real situatioa 
5 . • ' 

The current electron beam 6q)osure system is dms enable of dynamically adjusting the 
position of a scanned line using timing confections. This allows for critical components in a 
pattern to be written in one scan line instead of using two halves of two scan lines, which 
^ would spread the critical component over two scan lines. This correction can also be done 

10 locally^ Le. the tinung can be conrected over a small time window. The controller should 
thus identify critical components, which woidd nomially be spread over two scan lines* 
Subsequently^ the controller should calculated a corrected timing window^ and qpply the 
collected timing window to the timing base used for scanning an electron beamlet Figure 
7D shows &e adjustment principle, which cotdd be used for this. 

15 , . * 

All lens plates, aperture plates and blanker plates can be connected to a power supply, 
which, when gas is admitted into the system, creates a plasma. The plasma cleans the 
plates and removes all contamination. If one plasma does not clean thorough enough, 
two gases may be admitted into the system in series. For iixstancc oxygen may be 

20 admitted first to remove all hydrocarbons residing in the system. After the removal of 
the oxygen plasma, a second plasma, for instance comprising HF, is created to remove 
all present oxides. 

Another possibility to reduce the contamination is to perfomi all operations at elevated 
25 temperatures, i.e. 150-400 **C. A prctrcatment at 1000-1500 "^C may be necessary. At 
these temperatures hydrocarbons get no chance to condense on any of the elements in 
the system. Allowing a fraction of oxygen into the system can further enhance the 
cleaning process. 

30 It is to be understood that the above description is included to illustrate the operation of the 
prefeited embodiments and b not meant to limit the scope of the invention. The scope of 
the invention is to be limited only by flie following claims. From &e above discussion. 
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many variations will be apparent to one skilled in the art that would yet be encompassod by 
the spirit and scope of flie present invention. 



